Methyl 5-O-acetyl-5-cyano-6-deoxy-2,3-O-isopropylidene-β-L-gulofuranoside was prepared in high yield from methyl 6-deoxy-2,3-O-isopropylidene-α-D-lyxopentodialdo-1,4-furanoside. The configuration at the C5 atom was unambiguosly established by single crystal X-ray analysis of the corresponding 5-O-acetyl derivative. The conformation of the furanose and 1,3-dioxolane rings is also discussed.
Introduction
In the framework of our recent research on synthesis and structure determination of some C-C linked sugar α-amino acids [1] [2] [3] [4] [5] , we have also prepared several carbohydrate derivatives, including sugar cyanohydrins, amino nitriles, and hydantoins, either as necessary synthetic precursors or suitable models for structural studies. For these model compounds, it is especially important to know their exact structural features with high precision and for this purpose X-ray crystallography was used. This paper reports the preparation of methyl 5-O-acetyl-5-cyano-6-deoxy-2,3-O-isopropylidene-β-L-gulofuranoside and verification of its structure using single crystal X-ray analysis.
Results and Discussion
Application of the Kiliani cyanohydrin synthesis to methyl 6-deoxy-2,3-O-isopropylidene-α-D-lyxohexofuranosid-5-ulose (1) [6] (prepared from methyl 2,3-O-isopropylidene-α-D-lyxo-pentodialdo-1,4-furanoside [7, 8] by the Grignard reaction with methylmagnesium iodide and subsequent oxidation of the reaction product with pyridinium dichromate) led to the formation of methyl 5-cyano-6-deoxy-2,3-O-isopropylidene-β-L-gulofuranoside (2) (Scheme 1). The almost 92% isolated yield of 2 indicates a high stereoselectivity for the cyanohydrin formation. Acetylation of 2 under usual conditions afforded methyl 5-O-acetyl-5-cyano-6-deoxy-2,3-O-isopropylidene-β-L-gulofuranoside (3).
Scheme 1.
Compounds 2 and 3 were fully characterized by 1 H-and 13 C-NMR, EIMS, CIMS, [α] D , mp, and elemental analysis data. Because of the obvious difficulties in unambigously establishing the configuration at C5 (D-manno versus L-gulo in this case) by NMR methods, suitable crystals of compound 3 were subjected to X-ray analysis. This revealed 5-R configuration and because the configuration on positions C1, C2, C3 and C4 did not change, it confirms a L-gulo arrangement. Perspective view and the numbering of atoms for compound 3 is depicted in Figure 1 . The relevant crystallographic and structure refinement data for 3 are given in Table 1 . The bond lengths and bond angles are listed in Table 2 . A list of selected torsion angles is given in Table 3 . The final positional parameters are summarized in Table 4 . The hydrogen bond geometry for compound 3 is shown in Figure 1 . Thermal ellipsoids at 50% probability level and numbering of atoms for compound 3. Analysis of the molecular packing in the unit cell revealed two types of hydrogen bonds. In addition to weak intramolecular hydrogen bonds between C6 and O3 and C6 and O6, there are also stronger intermolecular hydrogen bonds involving C4 in one molecule and O6 of the carbonyl group in another molecule, related by a screw axis (Figure 2) . The graph-set descriptor of this contact (chain) is C1,1 (6) . Assignment of the H-bond descriptors are based on the graph-set theory [9] . For convenience, the notation Xa,d(n) has also been adopted, in which (X) is the pattern descriptor, (a) is number of acceptors, (d) is number of donors and (n) is the number of atoms comprising the pattern. E conformation for five-membered 1,3-dioxolane ring (O2-C2-C3-O3-C8) with C8 atom lying in the endo direction with respect to the plane defined by the atoms O2, C2, C3, and O3.
Experimental

General
1
H-and 13 C-NMR spectra (in CDCl 3 , internal standard Me 4 Si) were recorded on a Bruker Avance DPX 300 instrument operating at 300.13 and 75.46 MHz working frequencies, respectively. For the assignments of signals, 1D NOESY and C-H heterocorrelated experiments were used. The quaternary carbon atoms were identified on the basis of a semiselective INEPT experiment and a 1D INADEQUATE pulse sequence technique. The EI and CI (using pyridine as a reactive gas [11] ) mass spectra (70 eV) were obtained on a Finnigan MAT SSQ 710 instrument. Specific rotations were determined on a Perkin-Elmer 241 polarimeter (10 cm cell). Microanalyses were performed on a Fisons EA 1108 analyzer. Melting points were determined with a Boetius PHMK 05 microscope. All reactions were monitored by TLC on Silica Gel plates (E. Merck) using 1:3 EtOAc-hexane as solvent. Visualization was affected with iodine vapour or H 2 SO 4 .
X-ray techniques
Crystal and experimental data for compound 3 are listed in Table 1 . The structure was solved by direct methods and refined by a full-matrix least-squares technique. The crystallographic computations were performed with Bruker SHELXTL [12] . Molecular graphics were obtained using the program DIAMOND [13] . Suitable crystals were obtained by slow crystallization of 3 from a 2:1 (v/v) mixture of EtOAc-hexane. (2) : KCN (3.25 g, 50 mmol), water (15 mL) and NaHCO 3 (4.2 g, 50 mmol) were sequentially added to a stirred solution of 5-ulose 1 (5.4 g, 25 mmol) in ether (150 mL) under cooling at 0 °C, and the stirring at this temperature was continued for 2 h. The ethereal layer was then separated and the water layer was extracted with ether (3 x 50 mL). The combined ethereal solutions were dried (Na 2 SO 4 ), the solvent was evaporated and the crude product (R f 0.34) was recrystallized from a 3:1 (v/v) mixture of EtOAc-hexane to afford white needles of cyanohydrin 2 (5. 
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